We conducted two trials ( n = 144 and 96) to evaluate the response of feeding either ZnSO 4 ·H 2 O or a zinc-lysine complex (ZnLys) in combination with various lysine levels on growth performance, liver, kidney, and 10th rib Zn concentration, serum Zn humoral immune response and absorption of Zn (chromic oxide method) of young pigs. The following treatments were started after a 7-d postweaning adjustment during which all pigs were fed a common diet adequate in zinc. Diets were as follows: 1 ) basal 1 (B1), .8% dietary lysine without added Zn (basal contained 32 ppm Zn); 2 ) B1 plus 100 ppm Zn from ZnSO 4 ; 3 ) B1 plus 100 ppm Zn from ZnLys, 4 ) basal 2 (B2), 1.1% lysine without added Zn; 5 ) B2 plus 100 ppm Zn from ZnSO 4 ; 6 ) B2 plus 100 ppm Zn from ZnLys. In Trial 1 only, 100 ppm Zn from ZnSO 4 (diet 7 ) or ZnLys (diet 8 ) was added to a .95% lysine basal diet. The basal 20% CP diet contained 9.0% corn gluten meal to lower the total lysine level. Within lysine level, all diets were made isolysinic by using crystalline lysine. Zinc sulfate, ZnLys, or lysine replaced dextrose in the basal diet. After 4 wk on test, one barrow in each pen was killed; liver, kidney, left 10th rib, and contents of the stomach, small intestine, and lower colon were removed for Zn analyses. Performance (ADG and ADFI) was only improved ( P < .05) in one of the two trials when either zinc source was added to the basal diets, but performance was higher ( P < .01) for pigs fed 1.1% lysine diets compared with .8% lysine diets in both trials. Serum Zn concentrations were lower ( P < .001) for pigs fed both dietary lysine basal diets without added Zn. The humoral response to sheep red blood cells and ovalbumin was not influenced ( P > .20) by lysine level, or Zn level and source. Pigs fed diets without added Zn had lower ( P < .001) liver, kidney, and rib Zn concentrations than pigs fed diets with added Zn regardless of Zn source. Dietary lysine did not influence liver Zn, but kidney ( P < .01) and rib ( P < .001) Zn concentrations were lower for pigs fed the higher lysine level. Digestibility coefficients of Zn were lower in the stomach for pigs fed diets without added Zn, similar among Zn levels and sources in the small intestine, and higher in the lower colon for pigs fed the basal diets without added Zn. Lysine level and Zn source did not influence Zn absorption. The ZnSO 4 and a zinc lysine complex seemed to be equally effective in promoting growth performance, zinc absorption, and tissue stores of young pigs when diets contained deficient, adequate, or slightly more than adequate levels of lysine.
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Introduction
Zinc must be supplemented to most diets to meet a pig's requirements, because of the poor availability of zinc in plant feed ingredients caused by the binding of Zn by phytate (Oberleas et al., 1962; O'Dell et al., 1964; Ellis et al., 1982; Fordyce et al., 1987) . The bioavailability of a mineral is an important factor to consider in determining the amount of a mineral source to add to animal diets. Inorganic sources of Zn have traditionally been used to supply the needed Zn; zinc sulfate has been generally recognized as having relatively high bioavailability. An enhanced bioavailablity of a mineral source could reduce the amount of a mineral that is added to a diet to meet mineral nutritional requirements, which would reduce the amount of mineral excreted by pigs. The use of organic complexes of trace minerals, such as Zn lysine, has received attention because of their potential of higher bioavailability. It is speculated that an excess of dietary lysine as compared with a deficiency of lysine may enhance the utilization of the Zn-lysine complex by providing readily available lysine for meeting the lysine requirement of pigs for growth. Wedekind et al (1992) reported that a Zn-methionine complex was more bioavailable than zinc sulfate as measured by Zn content of the tibia of chicks. However, studies with pigs showed that Zn from Zn methionine and an inorganic Zn salt were equally effective in maintaining growth performance and serum Zn level (Kornegay and Thomas, 1975; Hill et al., 1986; Swinkels et al., 1996) . Recently, Wedekind et al. (1994) reported that organic zinc sources did not provide more bioavailable zinc than zinc sulfate in growing-finishing pigs, contrary to their findings obtained with poultry.
The purpose of this experiment was to compare ZnSO 4 ·H 2 O ( ZnSO 4 ) and a zinc-lysine complex ( ZnLys) as a Zn source for pigs in the presence of a dietary lysine deficiency or slight excess.
Experimental Procedures

Animals and Diets
Experimental procedures involving the pigs followed published guidelines (Consortium, 1988) . Two trials were conducted in this study to evaluate the response of feeding either ZnSO 4 or ZnLys in combination with varying lysine levels on growth performance, liver, kidney, and 10th rib mineral concentrations, serum zinc concentration, and absorption of zinc. Serum immune response to sheep red blood cells and ovalbumin injections was determined in Trial 2. In Trials 1 ( n = 144) and 2 ( n = 96) crossbred pigs were weaned at 18 to 24 (Trial I ) or 17 to 23 (Trial 2 ) d of age and given a 7-d adjustment before treatment diets were started. During the adjustment, they were fed a prestarter diet (Merrick's Soweena Day 14, Merrick's, Middleton, WI) for 4 d and then fed a 20% CP cornsoybean meal diet containing 10% dried whey for the remaining 3 d of the adjustment period. Pigs were randomly allotted from outcome groups based on sex and weight to eight dietary treatments. Littermates were balanced across treatments as well as possible. In Trial 1 (BW = 7.7 ± 1.0), three pigs (either two barrows and one gilt, or two gilts and one barrow) were housed in a .61-× .91-m nursery pen with a nipple waterer, stainless steel feeder, and a plasticcoated expanded metal floor. In Trial 2 (BW = 6.8 ± 0.9), two pigs (one barrow and one gilt) were housed in the same pens. Forty-eight pens were housed in two similar, environmentally controlled rooms. Room temperature was initially set at 29°C and lowered 2°C per week after the 2nd wk. A continuous lighting regimen and recommended ventilation rates were maintained. Pigs were given free access to water and diets. The air filter was checked and changed twice each week.
A basal 20% CP diet was fortified with minerals (except Zn) and vitamins to meet or exceed NRC (1988) recommendations. Corn gluten meal was used to reduce the total lysine level to .8% for the basal ingredients while maintaining crude protein levels. The following eight dietary treatments were used in Trial 1: 1 ) basal 1, .8% dietary lysine without added zinc; 2 ) .8% lysine with 100 ppm zinc from ZnSO 4 ; 3) .8% lysine with 100 ppm zinc from ZnLys; 4 ) basal 2, 1.1% lysine without added zinc; 5 ) 1.1% lysine with 100 ppm zinc from ZnSO 4 ; 6 ) 1.1% lysine with 100 ppm zinc from ZnLys; 7 ) .95% lysine with 100 ppm zinc from ZnSO 4 ; and 8 ) .95% lysine with 100 ppm zinc from ZnLys (Table 1) . Only Diets 1, 2, 3, 4, 5, and 6 were used in Trial 2. Within a lysine level, all diets were isolysinic by varying the replacement of dextrose with ZnSO 4 , ZnLys, or crystalline lysine. The analyzed Zn concentration (DM basis) of the basal diet was 33.5 ppm in Trial 1 and 30.5 ppm in Trial 2.
During the 4-wk tests in both trials, pigs were weighed individually at weekly intervals, and pen feed intakes were recorded. Blood samples were taken from the anterior vena cava initially, at wk 2 and wk 4 for determination of serum Zn concentration and immune response. In Trial 2, a primary injection of 1 mL of sheep red blood cells (5.0 × 10 9 ) and 1 mL of ovalbumin was given initially, and a second injection was given at wk 2 after the blood sample was taken.
At the beginning of wk 3, .05% chromic oxide was included in all diets as an indicator. At the end of wk 4, one barrow from each pen was randomly selected and killed by electro-immobilization and exsanguination. All pigs had free access to feed before they were killed. The liver, kidney, and 10th left rib were collected. These tissue samples were individually frozen in plastic bags. The contents of the stomach were mixed and sampled, and the total contents of the small intestine and lower colon were taken. All digesta samples were frozen and later lyophilized for determination of Zn and Cr, which were used for calculation of apparent absorption coefficients by the indicator method (Maynard et al., 1979) .
Mineral Analyses
Serum samples were diluted with ultrapure water, and Zn concentration was measured with an atomic absorption spectrophotometer (Model 5100, Perkin Elmer, Norwalk, CT). Whole liver and kidney were homogenized with a blender. Samples of the homogenates and intestinal contents were digested using a nitric acid and perchloric acid wet digestion procedure (AOAC, 1990). Ribs were dried for 48 h at 
Assessement of Immunoresponse
Hemagglutination assays were performed as described by Schurig et al. (1978) . Dilutions of 1: 1,000 to 1:2,000 were used for the primary responses and dilutions of 1:400 to 1:800 were used for the secondary responses. The ELISA was performed on microtiter plates. Serum was diluted with PBS-Tween buffer. Immune titers were quantified using rabbit anti-swine immunoglobulin G (Cappell, 3215-0082, West Chester, PA) and a peroxidase substrate solution. Absorbance was measured using a spectrophotometer (Titertek Multiscan MCC/340) at 414 nm. Arbitrary antibody units were derived from a standard response obtained using pooled serum.
The data were analyzed by GLM procedure (SAS, 1990) . Performance, Zn serum concentration, absorption data, and immune function data (ELISA units and log 2 of hemagglutination titers) were analyzed using pen as the experimental unit, whereas individual pig was used as the experimental unit for tissue measurements (only one pig/pen killed).
Although initial BW and serum Zn concentrations were not significantly different among treatments, the initial values were used as a covariance in the model to ensure a common baseline for all treatments. In Trial 1, the general model included replicate, treatments, and nonorthogonal contrasts to test treatments without Zn added vs the two treatments with Zn added and to test the two Zn sources. Also, linear and quadratic contrasts were used to test lysine levels in Trial 1 (less the basal Zn diet). In Trial 2, and for the combined trials, the general model included replicate, lysine level, and zinc source (basal plus two sources); treatments were analyzed as a 2 × 3 (Trial 2 ) factorial with appropriate interactions. Treatments common to both trials were pooled after variances (Snedecor and Cochran, 1967) for each trial were found to be homogenous. Nonorthogonal contrasts were used to test treatments without Zn added vs the two treatments with Zn added, and to test the two Zn sources.
Results
Performance
Performance (ADG, ADFI, and gain:feed) of animals was not influenced by Zn treatments in Trial 1, but in Trial 2 ADG ( P < .01 or .05) and ADFI ( P < .01) were less for pigs fed diets without added Zn than for pigs fed diets with added Zn as either ZnSO 4 or Table 2 . Performance of weanling pigs fed zinc sulfate and zinc lysine in lysine-deficient and -adequate diets a a Means are for six pens (three pigs/pen) per treatment in Trial 1 and eight pens (two pigs/pen) per treatment in Trial 2. Average initial BW was 7.7 ± 1.0 for Trial 1 and 6.8 ± .9 for Trial 2.
b Lysine effect ( P < .05). c Quadratic lysine effect (without basal Zn, P < .05). d Lysine effect ( P < .001). e Trial effect ( P < .01). f Contrast: low-Zn diets differ from diets with adequate Zn ( P < .01). g Lysine effect ( P < .01). h Contrast: low-Zn diets differ from diets with adequate Zn ( P < .05). i Lysine × Zn interaction ( P < .05). j Trial × Zn interaction ( P < .05). k Linear lysine effect ( P < .01). ZnLys during wk 3 and 4 and overall (wk 1 through 4 ) ( Table 2 ). The trial × Zn interaction was significant during wk 3 and 4 and overall for ADFI. In Trial 1, ADFI was similar across lysine and Zn levels and Zn sources; however, in Trial 2, ADFI was lower ( P < .01) for pigs fed diets without added Zn. Gain:feed was not affected by dietary Zn level or source during either trial or period. Pigs fed diets with the two higher (.95 and 1.1%) lysine levels in Trial 1 had higher ( P < .01) ADG than pigs fed diets containing .8% lysine. Also in Trial 1, gain:feed ratios were linearly increased ( P < .01) during wk 1 and 2 and overall as level of lysine increased. In Trial 2, pigs fed 1.1% lysine diets had higher ADG ( P < .05) and gain:feed ratio ( P < .01 or .001) than pigs fed diets containing .8% lysine during all periods. Feed intakes were similar among lysine levels for both trials, but the lysine × Zn interaction was significant in Trial 2 during wk 1 and 2 and overall. Feed intake was enhanced when both sources of Zn were fed at the lower lysine level but was only enhanced at the higher lysine level when ZnSO 4 was fed.
Pooled data of treatments common to both trials showed that the higher lysine level increased ( P < .001) ADG and gain:feed. A trial × Zn interaction ( P < .05) was observed for feed intake during wk 3 and 4 and overall; there was a response to added Zn from either source in Trial 2, but not in Trial 1. Feed intake was greater ( P < .01) in Trial 2 than in Trial 1 with a resultant greater ADG in Trial 2 than in Trial 1. The overall gain:feed ratio was larger in Trial 1 than in Trial 2. Performance was similar for pigs fed diets containing ZnSO 4 or ZnLys.
Serum Concentrations
For Trials 1 and 2 and for the pooled data of both trials, serum Zn concentrations were lower ( P < .001) at wk 2 and 4 for pigs fed diets without added Zn than for those fed diets with added Zn, regardless of the Zn source (Table 3) . A trial × Zn interaction ( P < .01) was observed at wk 2 and 4 for the pooled data; the magnitude of the difference was greater in Trial 2 than in Trial 1. The main effect of lysine was not significant, but the lysine × Zn interaction was significant in Trial 2 ( P < .01) and for pooled data ( P < .01) at wk 4; serum Zn concentrations seemed to be higher for pigs fed ZnLys than for pigs fed ZnSO 4 at .8% lysine, but the reverse effect was observed at 1.1% lysine. There was no overall effect for Zn source on serum Zn concentrations.
Tissue Zn Concentration
Zinc concentrations of liver, kidney, and rib were lower ( P < .01) for pigs fed diets without added Zn than for those fed diets with added Zn in both Trial 1 and 2 and for the pooled data (Table 4) . Dietary lysine level did not affect liver Zn concentrations in either trial. Kidney Zn concentrations tended to decrease as the dietary lysine level increased in Trial 1 ( P < .08) and in Trial 2 ( P < .06), with the lysine affect significant for the pooled data ( P < .01). As the dietary lysine level increased from .8 to 1.1%, the concentration of Zn in ribs decreased by 7, 17, and 9% ( P < .05) in Trial 1 and 8, 25, and 10% ( P < .001) in Trial 2 for diets with no added Zn, 100 ppm Zn as zinc sulfate, and 100 ppm Zn as zinc lysine, respectively. Tissue Zn concentrations were similar among pigs fed diets with added Zn as ZnSO 4 or ZnLys.
Cu and Fe Concentration
The trial × Zn interaction was significant for the pooled liver Cu concentration. In Trial 1, feeding diets with 100 ppm added Zn did not affect hepatic Cu concentrations of pigs, but concentrations were reduced ( P < .01) in Trial 2 (Table 5) . Kidney Cu concentrations were higher ( P < .01) in pigs given diets with 100 ppm added Zn than in those given diets without added Zn in Trials 1 and 2, and kidney Cu concentrations were higher for pigs fed diets containing .8% lysine compared with 1.1% lysine in Trial 1 ( P < .05) and for the combined trials ( P < .01). Liver Fe concentrations were not affected by lysine or Zn levels in Trial 1, but a Zn × lysine interaction ( P < .05) was observed in Trial 2 and for the pooled data. At .8% lysine, liver Fe concentrations were similar for all Zn treatments but seemed to be decreased for pigs without added Zn when 1.1% lysine was fed. Iron concentrations in kidney were not affected by lysine or Zn levels in either Trial 1 or 2.
Immune Response
Lysine and zinc levels and zinc source did not affect ELISA units and hemagglutination titers in Trial 2 (Table 6 ).
Digestibility of Dry Matter and of Zn
The concentration of Zn in stomach, small intestine, and lower colon contents was higher ( P < .001) for pigs fed diets with added Zn as ZnSO 4 or ZnLys than for pigs fed the basal diets, but Zn values were similar between Zn sources (Table 7) . In Trial 2, the Cr concentration of stomach, small intestine and lower colon contents was slightly higher ( P < .05) for pigs fed 1.1% lysine diets compared with .8% lysine diets, but Cr concentrations were similar for all Zn treatments and for dietary lysine and Zn treatments in Trial 1 and for the pooled data.
Dry matter digestibilities in the stomach were negative for all treatments in both trials and tended ( P < .10) to be more negative for the .8% lysine diets only in Trial 2 (Table 8) . Small intestine DM digestibilities were similar for all treatments except lysine level in Trial 2; DM digestibilities were higher for pigs fed 1.1% lysine diets. Lower colon DM digestibilities tended to be higher ( P < .10) for pigs fed 1.1% lysine diets in Trial 2 but were not influenced by treatments in Trial 1. When pooled data for lower colon DM digestibilities were tested, pigs fed 100 ppm added Zn as ZnSO 4 had higher digestibility coefficients than pigs fed 100 ppm added Zn as ZnLys ( P < .05).
Pigs in both trials fed diets with 100 ppm added Zn had higher ( P < .001) digestibilities of Zn in the stomach than pigs fed the basal diets. In the pooled data for both trials, Zn digestibility coefficients were higher ( P < .001) for pigs fed added Zn from both Zn sources, and pigs fed added Zn as ZnSO 4 had higher ( P < .05) coefficients than pigs fed diets containing added Zn as ZnLys. Digestibility coefficients of Zn in the small intestine were similar among levels and sources of Zn. Zinc digestibility in the lower colon was higher ( P < .001) for pigs fed the basal diet with no added Zn compared with pigs fed 100 ppm Zn added as ZnSO 4 or ZnLys.
Discussion
The addition of Zn, whether as ZnSO 4 or ZnLys, to a low-Zn basal diet (32 ppm Zn, .25% phytate P ) improved performance (ADG and ADFI) in one of the two trials in this study. Hedges et al. (1976) reported that ADG and feed intake were greater for pigs fed a basal corn-soybean meal with 50 ppm Zn added than for pigs fed the basal diet. In that study, a high level of Ca (1.4 vs .8%) lowered ADG and feed efficiency. Previous studies have shown that dietary Ca accentuated the effect of phytate on Zn bioavailability (Oberleas et al., 1962; O'Dell et al., 1964; Ellis et al., 1982; Fordyce et al., 1987) . Our findings suggest in one of two trials that the zinc supplied by the cornsoybean meal-based diet (with .8% Ca) provided enough Zn to meet the young pig's Zn needs for growth in a relatively short-term experiment. However, serum Zn concentrations were lower even after wk 2 for pigs fed the unsupplemented Zn diet, and tissue Zn levels were lower. The extent of the Zn deficiency in Trial 1 may have been less than in Trial 2 because the level of Zn in the basal diet was slightly higher (33.5 vs 30.5 ppm), and the starting weight of pigs in Trial 1 was .9 kg larger (7.7 vs 6.8 kg) than in Trial 2. The inconsistency of the response of added Zn on growth performance when a corn-soybean meal diet is fed has been reported (Kornegay and Thomas, 1975; Hill et al., 1986; Wedekind et al., 1994; Swinkels et al., 1996) and may be due to several factors, including dietary concentration of phytic acid and Ca and the Zn status of the animals. However, in our study the Ca level was calculated to be the same and the phytic acid level should have been similar, unless the corn and soybean meal varied in phytic acid content. Diets were not analyzed for Ca, P, and phytic acid content because it was not suspected that they would be very different because the formulation was the same. The lack of an effect of added Zn on gain:feed ratios would be expected, because the effect of a zinc deficiency, especially a borderline deficiency as probably occurred in our experiment, results first in depressed feed intake (Miller et al., 1968; Dorup and Clausen, 1991) .
A more severe zinc deficiency can produce a reduction in gain:feed ratio; pair-fed Zn-depleted and Znadequate pigs are not able to use equal amounts of nutrients (Miller et al., 1968; Dorup and Clausen, 1991; Swinkels et al., 1996) . Zinc-depleted pigs are more sensitive to supplemental zinc than un-depleted pigs (Swinkels et al., 1996) . Poor feed utilization by Zn-deficient pigs has been suggested to be influenced by diarrhea, which is often observed in Zn-deficient pigs (Stevenson and Earle, 1956; Swinkels et al., 1996) . However, diarrhea was not observed in our study.
Although the addition of lysine (.3%) to the lowlysine (.8%) diet improved daily gain and gain:feed ratio in both trials, dietary lysine level did not seem to influence the response to Zn, with the exception of the Zn concentration of kidney and ribs. Our finding, that increasing diet lysine from a deficient level to a level slightly in excess reduced rib Zn concentration, suggested that there may have been a lysine effect on Zn bioavailability. Because pigs fed the higher level of lysine grew faster, perhaps they utilized more of the Zn, resulting in lower Zn concentration in the ribs. Mitchell and Jenkins (1983) pointed out that lysine may interfere with the availability of Cu and Fe by reducing tissue utilization or promoting excretion, or both, when a basal diet was supplemented with 2.1% lysine.
In agreement with findings in other studies (Miller et al., 1968; Hill et al., 1987; Wedekind et al., 1994; Swinkels et al., 1996) , pigs in our study without Zn supplementation had lower concentrations of Zn in serum, liver, kidney, and 10th rib than pigs fed diets with added Zn regardless of Zn source.
Growth performance and Zn concentrations in serum, liver, kidney, and rib were similar between pigs supplemented with ZnSO 4 and those fed ZnLys, which suggests that the availability of Zn is similar between ZnLys and ZnSO 4 , and is in agreement with previous studies using pigs (Kornegay and Thomas, 1975; Hill et al., 1986; Wedekind et al., 1994; Swinkels et al., 1996) . Also, the absorption coefficients for the small intestine and lower colon were not different between Zn sources, which further supports the similarity of Zn bioavailabilities for ZnSO 4 and ZnLys. However, to the contrary, Swinkels (1992) reported larger apparent Zn absorption coefficients for digesta from the colon and for fecal samples for pigs fed a Zn amino acid complex than those for pigs fed ZnSO 4 . Wedekind et al. (1994) , using growing-finishing pigs fed Zn-supplemented, corn-soybean meal diets (pigs used in the study had been fed Zn-unsupplemented corn-soybean meal-dried whey diets for 5 wk before the test), reported that the overall trends based on growth performance, bone Zn, and plasma Zn indicated the following rankings of Zn bioavailability: ZnSO 4 ·H 2 O > Zn-methionine > ZnO > ZnLys. When pharmacological levels of Zn (1,500 or 2,500 ppm) were fed as ZnSO 4 or ZnLys, the plasma Zn concentration slopes were very similar between Zn sources, suggesting equal bioavailability (Hahn and Baker, 1993) . In another starter study, Hahn and Baker (1993) compared 3,000 ppm Zn from ZnO, ZnSO 4 , and Zn-methionine in corn-soybean meal diets that included 5% menhaden fish meal, 3% porcine plasma, and 20% dried whey. Gain:feed ratios and plasma Zn concentrations favored pigs fed Zn-methionine compared with ZnSO 4 , but there were no differences in ADG and ADFI. Similarly, using pharmacologic levels of Zn, and based on growth performance and Zn concentration of serum, liver, kidney, and 10th ribs, Schell and Kornegay (1996) reported that the bioavailability of Zn was lowest for ZnO and intermediate for ZnLys and Zn-methionine compared with ZnSO 4 . In contrast to most studies, Ward et al. (1996) recently reported that supplementing starter diets with 250 ppm zinc from zinc-methionine gave equal improvement in performance to 2,000 ppm Zn from ZnO.
A Zn deficiency has been reported to depress the humoral and cellular immune responses in guineapigs (Gupta et al., 1985; Verma et al., 1988) . Antibody titer against bovine herpesvirus-1 (IBR) 14 d following vaccination were higher for stressed steers supplemented with Zn-methionine compared with the control and steers supplemented with ZnO (Spears et al., 1991) . Kidd et al. (1993) reported that the addition of 40 ppm Zn as Zn-methionine to broiler breeder diets that contained 72 to 83 ppm of Zn increased cellular immune response in their progeny compared with a similar level of Zn as ZnO. In turkeys, supplementing a combination of Zn-methionine and Mn-methionine increased humoral and cellmediated immune responses and reduced mortality and leg abnormalities (Ferket and Qureshi, 1992; . In our study, the humoral immune responses to sheep red blood cells and ovalbumin injected initially and at wk 2 were not influenced by Zn supplementation of the basal diet regardless of Zn source. These findings agree with the report of van Heutgen et al. (1995) that growth performance and humoral and cellular immune response of pigs fed a corn-soybean meal-whey diet containing 80 ppm Zn as ZnSO 4 were not affected by 80 ppm supplemental Zn as ZnSO 4 , Zn-Lys, Znmethionine, or a combination of Zn-Lys and methionine. In our study, the basal diet was borderline lysine-deficient, but this was not the case for the control (or basal) diet used in the study reported by van Heutgen et al. (1995) .
The failure in our study to get responses to the organic Zn source, over and above that observed for ZnSO 4 , could be due to a species difference; responses have been reported in poultry (Wedekind et al., 1992) and ruminants (Spears, 1989) . Wedekind et al. (1994) suggests the discrepancies between poultry and swine studies in response to organic zinc may be attributed more to difference in Ca and phytate levels than to species differences. As pointed out earlier in the discussion, high dietary Ca accentuates the effect of phytate on Zn bioavailability. Wedekind et al. (1994) indicated that chick diets are usually higher in Ca than pig diets. For example, NRC (1994) recommends 1.0% Ca in a chick starter diet ( 1 through 3 wk), whereas NRC (1988) recommends .8% Ca in a pig starter diet. The calculated phytate of a 23% CP chick diet is 1 or 2 percentage units higher than an 18 to 20% CP starter diet. The potential is slightly larger to bind Zn in the chick starter diet than in the pig starter diet; however, the magnitude of this difference is relatively small, compared with the excess of Zn that has usually been fed in most chick and pig studies. No doubt the phytate, Zn, and Ca contents of diets is important in predicting the bioavailability of Zn in animal diets; however, the evidence still needs to be generated to support the idea that the failure to see a response to organic forms of zinc in pigs compared with poultry may be partially due to the lower Ca and phytate of swine diets.
The Zn concentration of the drinking water used in the study was analyzed to contain .2 to .4 mg Zn per liter. Therefore, based on a water:diet ratio of 2.5:1, approximately .25 to .60 mg of Zn would be added daily, compared with an average total Zn intake of about 16.3 mg/d for pigs fed the basal diet and 69 to 73 mg/d for the two Zn sources. This would only be 1.5 to 3.6% of the total Zn intake for the basal and .3 to .8% for the Zn sources.
Implications
Results of these trials support the need for supplemental zinc when a corn-soybean meal-corn gluten meal diet is fed to young pigs and indicate that serum Zn and tissue Zn concentrations are more responsive to dietary zinc levels than performance. Dietary lysine had little or no influence on the utilization of zinc from either ZnSO 4 or a zinc-lysine complex, and both sources of zinc seemed to be equally effective in maintaining growth, serum, and tissue Zn concentrations.
